The dopamine (DA) hypothesis has dominated biochemical and pharmacological research on schizophrenia for about two decades. Although pharmacological data implicate increased DA activity in the pathogenesis of positive symptoms of schizophrenia, there is minimal association with negative symptoms (Crow 1980; Andreasen and Olsen 1982; Angrist et al. 1980) . The poorly elucidated pathogenesis of negative symptoms and the unique properties of the atypical antipsychotic clozapine (Jibson and Tandon 1998) have encouraged a reappraisal of the role of the DA system in schizophrenia. Newer approaches to evaluating neurochemical abnormalities in schizophrenia include consideration of other neurotransmitter systems. Models of DA-serotonin (Meltzer 1989) , DA-glutamate (Carlsson and Carlsson 1990), DA-acetylcholine (Tandon and Greden 1989), and DA-norepinephrine (van Kammen et al. 1990 ) interactions have been proposed. Although these models still accord DA a significant role in schizophrenia pathophysiology, they suggest that altered balance between DA and one (or more) of these other neurotransmitter systems may be the principal neurochemical abnormality related to the production of schizophrenic symptoms. Some of the earliest pharmacological treatments for schizophrenia included cholinergic agents (Cohen et al. 1944; Collard et al. 1946; Pfeiffer and Jenney 1957) , and in the 1970s, several investigators suggested that cholinergic activity may be reduced in schizophrenia (Friedhoff and Alpert 1973; Janowsky et al. 1973; Davis et al. 1975; Singh and Kay 1979) . There was no direct evidence of altered cholinergic functioning in schizophrenic patients, however, and pharmacological trials with cholinergic agents were generally ineffective (Rowntree et al. 1950; Gerlach et al. 1977; Davis and Berger 1978) . With few exceptions (Johnstone et al. 1983; Singh et al. 1987) , cholinergic mechanisms were increasingly considered irrelevant to the pathophysiology of schizophrenia and discussed predominantly with reference to the treatment of undesirable extrapyramidal side effects of neuroleptics (Richelson 1984) . Indirect evidence from several lines of research, however, suggests that the cholinergic system may differentially influence positive and negative symptoms in schizophrenia (Tandon and Greden 1989).
The dopamine (DA) hypothesis has dominated biochemical and pharmacological research on schizophrenia for about two decades. Although pharmacological data implicate increased DA activity in the pathogenesis of positive symptoms of schizophrenia, there is minimal association with negative symptoms (Crow 1980; Andreasen and Olsen 1982; Angrist et al. 1980) . The poorly elucidated pathogenesis of negative symptoms and the unique properties of the atypical antipsychotic clozapine (Jibson and Tandon 1998) have encouraged a reappraisal of the role of the DA system in schizophrenia. Newer approaches to evaluating neurochemical abnormalities in schizophrenia include consideration of other neurotransmitter systems. Models of DA-serotonin (Meltzer 1989) , DA-glutamate (Carlsson and Carlsson 1990) , DA-acetylcholine (Tandon and Greden 1989) , and DA-norepinephrine (van Kammen et al. 1990 ) interactions have been proposed. Although these models still accord DA a significant role in schizophrenia pathophysiology, they suggest that altered balance between DA and one (or more) of these other neurotransmitter systems may be the principal neurochemical abnormality related to the production of schizophrenic symptoms.
Some of the earliest pharmacological treatments for schizophrenia included cholinergic agents (Cohen et al. 1944; Collard et al. 1946; Pfeiffer and Jenney 1957) , and in the 1970s, several investigators suggested that cholinergic activity may be reduced in schizophrenia (Friedhoff and Alpert 1973; Janowsky et al. 1973; Davis et al. 1975; Singh and Kay 1979) . There was no direct evidence of altered cholinergic functioning in schizophrenic patients, however, and pharmacological trials with cholinergic agents were generally ineffective (Rowntree et al. 1950; Gerlach et al. 1977; Davis and Berger 1978) . With few exceptions (Johnstone et al. 1983; Singh et al. 1987) , cholinergic mechanisms were increasingly considered irrelevant to the pathophysiology of schizophrenia and discussed predominantly with reference to the treatment of undesirable extrapyramidal side effects of neuroleptics (Richelson 1984) . Indirect evidence from several lines of research, however, suggests that the cholinergic system may differentially influence positive and negative symptoms in schizophrenia (Tandon and Greden 1989) .
We and others have been conducting various studies to evaluate the role of the cholinergic system in schizophrenia, based on a primary hypothesis that DA-acetylcholine (ACh) interactions are of central importance in the production of positive and negative symptoms of schizophrenia (Tandon and Greden 1989; Tandon and Greden 1991) . Based on available data and on observations of the course of positive and negative symptoms during the acute phase of the illness (Donlon and Blacker 1973; Docherty et al. 1978; Tandon et al. 1990a ), we posited a role for disruption in DA-ACh balance in the expression of positive and negative schizophrenic symptoms (Tandon and Greden 1989) . We proposed that: (1) disruption of DA-ACh balance is of central importance in the expression of schizophrenic psychopathology; (2) increasing dopaminergic activity in the psychotic phase of the illness is accompanied by increased cholinergic activity in a homeostatic response to restore balance; (3) the cholinergic system exerts a damping effect on the emergence of positive symptoms associated with dopaminergic hyperactivity; and (4) this compensatory increase in cholinergic activity is, in turn, accompanied by an intensification of negative symptoms during the acute phase of the illness (Figure 1 ). Further testing of this model has begun to determine whether pharmacological manipulation of the cholinergic system affects schizophrenic symptomatology and if putative indices of the cholinergic system are altered in schizophrenia. In this article, we review preliminary findings that provided the framework for the present series of studies evaluating the effect of anticholinergic modulation on symptomatology and polysomnographic measures in medication-free schizophrenic patients.
PRELIMINARY INVESTIGATIONS

Effects of Pharmacological Manipulation of the Cholinergic System
Behavioral Effects of Physostigmine in Normal Controls: A Model for Negative Symptoms. Intravenous infusion of physostigmine, a centrally active anticholinesterase agent, leads to a behavioral syndrome in normal subjects that is characterized by decreased and monotonous speech, slowed thoughts, expressionless faces, apathy, emotional withdrawal, and decreased energy (Janowsky et al. 1972; Davis et al. 1976; Risch et al. 1981) . This clinical profile, previously proposed as a model for depression, is strikingly similar to the negative schizophrenic syndrome. In a study of the effects of intravenous physostigmine infusion in seven normal volunteers , observer ratings and self-description revealed significant withdrawal, apathy, alogia, lethargy, slowed thoughts, diminished affective responsivity, and reduced hedonic capacity. This symptom profile was consistent with the results of other studies on the effects of cholinergic agents in schizophrenic patients, which consistently documented an exacerbation of negative symptoms in terms of an "inhibitory effect" (Janowsky et al. 1973; Rowntree et al. 1950; Modestin et al. 1973 ).
Treatment of Negative Symptoms of Schizophrenia with Trihexyphenidyl.
The beneficial effects of antiparkinsonian medication have been noted in a sizable proportion of schizophrenic patients; withdrawal of these agents leads to subjective distress, social withdrawal, and "depressive symptomatology" (Rifkin et al. 1978; Manos et al. 1981) . Furthermore, anticholinergic "drug abuse" is relatively frequent in schizophrenia, with patients describing mood-elevating, energizing, and socializing effects of these agents (Fisch 1987; Wells et al. 1989) . In an 8-week open-label pilot study on the effects of trihexyphenidyl 10 mg daily on negative symptoms in five neuroleptic-treated chronic schizophrenic patients with predominantly negative symptoms (Tandon et al. 1988 ), a significant reduction in the severity of negative symptoms was achieved, as assessed by the Scale for the Assessment of Negative Symptoms (SANS) (Andreasen 1983) . Substantial improvement was observed in four of five patients, mainly in the areas of affective flattening, anhedonia-asociality, and avolition-apathy. These changes were noted both 4 and 8 weeks after initiating trihexyphenidyl treatment. Two other studies subsequently documented a similar improvement in "secondary" negative symptoms in chronic schizophrenic patients following anticholinergic treatment (Fayen et al. 1988; Sandyk and Kay 1990) .
Because patients in the above study were receiving neuroleptic drugs, it is possible to ascribe the beneficial effects of trihexyphenidyl on negative symptoms to relief of akinesia (Rifkin et al. 1978) , despite the apparent absence of extrapyramidal side effects. Consequently, we studied the effects of anticholinergic modulation on schizophrenic symptoms in drug-free patients. Some earlier studies had indicated that anticholinergics may antagonize the therapeutic effects of neuroleptics on positive symptoms (Singh and Kay 1979; Johnstone et al. 1983; Singh et al. 1987; Haase 1965; Johnstone et al. 1988; Chouinard et al. 1987) , but controlled studies on the effects of anticholinergic drugs in medication-free schizophrenic patients were lacking.
We studied the effects of 2 days of treatment with biperiden, a relatively specific M 1 antimuscarinic/anticholinergic agent, on positive and negative symptoms in 15 medication-free (minimum 2 weeks) schizophrenic patients (Tandon et al. 1990b) . In this study, patients received 4-mg biperiden on night 1, two doses of 4-mg biperiden the next day, and a 4-mg biperiden dose the morning of day 3. Two nurse-clinicians, who were blinded to patients' treatment status and study rationale, independently rated patients on the 18-item Brief Psychiatric Rating Scale (BPRS) (Overall and Gorham 1962) . Results showed a significant increase ( p Ͻ .01) in positive symptom severity following biperiden; mean positive symptom cluster scores were 12.8 Ϯ 3.6 and 15.7 Ϯ 4.4 at baseline and after biperiden treatment, respectively. In addition, there was a trend toward a decrease in negative symptoms, with mean negative symptom cluster scores of 9.0 Ϯ 3.7 and 7.9 Ϯ 3.0 at baseline and after biperiden treatment, respectively. These findings were confirmed in a larger sample of 40 drug-free patients with schizophrenia (Tandon et al. 1992a ). In the second study, biperiden produced a significant increase in positive symptoms ( p Ͻ .001) and a significant reduction in negative symptoms ( p Ͻ .01). These data indicate that modulation of the cholinergic neurotransmitter system affects positive and negative symptoms and suggest that cholinergic and anticholinergic agents should be studied in further controlled clinical trials for the treatment of positive and negative symptoms of schizophrenia, respectively.
In Vivo Measurement of Central Cholinergic Activity
Although positron emission tomography (PET) and single-photon emission computed tomography (SPECT) may make in vivo regional quantitative assessments of cholinergic activity possible in the future, these techniques are not yet adequately developed. Cerebrospinal fluid or plasma levels of ACh, choline (precursor of ACh), or enzymes involved in ACh synthesis and destruction are of limited value (Schuberth and Jenden 1975; Sitaram and Gillin 1980) , because of the lack of strong association with other indices of central cholinergic function. Polysomnographic measures (including rapid eye movement [REM] latency) and cortisol response to the dexamethasone suppression test (DST) are valuable indices of central cholinergic function (Sitaram and Gillin 1980; Gillin et al. 1978; Carroll et al. 1980) . Although these are indirect measures, they are quantifiable, reliably measurable, and temporally linked to changes in cholinergic status. Therefore, they represent a reasonable starting point for exploring the question of whether biological markers of central cholinergic activity are altered in schizophrenia.
DST and Symptoms of Schizophrenia. Cholinergic stimulation increases hypothalamic-pituitary-adrenal axis activity, which results in DST nonsuppression (Carroll et al. 1980; Janowsky et al. 1986 ). To assess rates of DST nonsuppression in schizophrenia, we conducted a 1-mg DST in 44 schizophrenic inpatients at drug-free baseline and approximately 4 weeks after neuroleptic treatment (Tandon et al. 1991a ). Patients were rated on positive, negative, and depressive symptoms at both timepoints. Thirty-nine percent of the patients were DST nonsuppressors at baseline, and 14% were nonsuppressors after 4 weeks of neuroleptic treatment. A meta-analysis of all published 1-mg DST studies in schizophrenia revealed comparable nonsuppression rates: 36% in the drug-free state and 20% in the medicated state (Tandon et al. 1991a ). Postdexamethasone cortisol levels were significantly correlated with negative symptom severity but unrelated to positive or depressive symptoms. Although alternative explanations are possible, these data are consistent with cholinergic hyperactivity in schizophrenia, which may increase negative symptoms.
Electroencephalographic Sleep Abnormalities in Schizophrenia: Relationship to Symptoms and Prior Neuroleptic Treatment. To investigate possible sleep EEG abnormalities in schizophrenia, we recorded sleep EEG in 20 drug-naive schizophrenic patients, 20 drug-free but previously medicated schizophrenic patients, and 15 normal controls (Tandon et al. 1992b) . We observed that both drug-naive and previously medicated schizophrenic patients had significantly greater impairment of sleep continuity and shorter REM latency when compared to controls. We also found REM latency to be inversely correlated with the severity of negative symptoms, but unrelated to depressive symptoms. We confirmed these findings in another nonoverlapping sample of 20 antipsychotic-naive and 20 drug-free previously medicated schizophrenic patients and 20 healthy controls (Maixner et al. 1996) . Considering known cholinergic effects on REM latency and other sleep measures Gillin and Sitaram 1984) , these data are consistent with the hypothesis of increased cholinergic activity in schizophrenia and its implication in the production of negative symptoms. In related studies (Taylor et al. 1991; Maixner et al. 1998; Tandon 1997) , we observed that polysomnographic measures partially normalized following antipsychotic treatment (with neuroleptics, clozapine, and risperidone). Assuming that increased cholinergic activity partly underlies polysomnographic abnormalities in schizophrenia at drug-free baseline, these data may indicate a trend for increased cholinergic activity to partially normalize with neuroleptic therapy (Figure 1 ) (Tandon and Greden 1989; Tandon et al. 1990a ).
Effects of Biperiden on Polysomnographic Measures in Schizophrenia.
Both DST response and polysomnographic measures were found to be abnormal and altered in a manner consistent with increased cholinergic activity in schizophrenia. Furthermore, a strong association between these measures has been observed in schizophrenic patients . Because multiple noncholinergic mechanisms influence both DST response and polysomnographic results, however, these data are suggestive at best and do not lend themselves to any definitive interpretation. In the hope of determining the cholinergic contribution to these abnormalities and providing a more refined index of central cholinergic function than simple baseline parameters, we turned our attention to studying the effects of cholinergic/anticholinergic modulation using polysomnography (Sitaram and Gillin 1980; Gillin and Sitaram 1984) .
There have been several studies on the effects of cholinergic/anticholinergic challenge on polysomnographic measures in other psychiatric disorders (Berger et al. 1989; Poland et al. 1997 ), but this strategy had not been employed in schizophrenia. In an exploratory study (Tandon et al. 1991b) , we compared the effects of biperiden on sleep measures in 12 schizophrenic patients and 10 normal controls. We chose an anticholinergic rather than cholinergic challenge strategy, because our model postulates increased cholinergic activity in schizophrenia, and we were concerned about a possible ceiling effect if we employed a cholinomimetic. In addition, cholinergic activation is associated with EEG desynchronization and arousal from sleep, and no oral cholinergic agent with an adequate half-life was available. We selected biperiden as the anticholinergic agent for the following reasons: (1) it is selective for M 1 receptors, causes fewer peripheral anticholinergic side effects, and is better tolerated by subjects (Syvalahti et al. 1987; Eltze and Figala 1988; Avissar and Schreiber 1989) ; (2) its blockade of catecholamine reuptake is less pronounced than that of other oral anticholinergics (Horn et al. 1971; Modell et al. 1989) ; and (3) its pharmacokinetics make it a good choice for studying cholinergic mechanisms in sleep (Hollmann et al. 1984; Grimaldi et al. 1986; Gillin et al. 1991 ). There were no other reports on the effects of biperiden on sleep measures when we started our study, and the doses of 6 and 10 mg that were selected were somewhat higher than those used in two studies that were published subsequently (Gillin et al. 1991; Salin-Pascual et al. 1991) . Compared to other studies of biperiden on sleep measures, we found that biperiden caused a smaller increase in REM latency in schizophrenic patients than in normal controls, suggesting that muscarinic activity is increased in schizophrenia (Tandon et al. 1991b) .
Based on our previous findings with biperiden, we designed two studies: a symptom study to compare the effects of biperiden and glycopyrrolate on positive and negative symptoms of schizophrenia in drug-free patients and a sleep EEG study to compare the effects of 6 and 10 mg of biperiden on polysomnographic measures in drug-free schizophrenic patients and normal controls.
STUDY DESIGN Symptom Study
Several potential biases and confounding factors of earlier studies (Tandon et al 1990b (Tandon et al , 1992a were eliminated. We employed a double-blind, placebo-crossover design, randomizing the order of active drug versus placebo in drug-free schizophrenic patients, and compared the effects of biperiden with an active placebo, glycopyrrolate (which has peripheral anticholinergic activity, but is devoid of central anticholinergic activity). We hypothesized that biperiden, but not glycopyrrolate, would increase positive symptoms and decrease negative symptoms.
Sleep EEG Study
Our previous study of the effects of biperiden on polysomnographic measures lacked systematic dosing and included relatively few patients (Tandon et al. 1991b ). The present study addressed these design issues and evaluated the dose-response relationship of the effects of biperiden on sleep measures. We assessed the effects of two doses of biperiden on polysomnographic measures and plasma homovanillic acid (HVA) in schizophrenic patients and normal controls. HVA is one of the primary metabolites of dopamine, and levels of HVA are often used as an index of the functional activity of dopaminergic neurons in the brain. In the present study, plasma HVA was measured as an index of dopaminergic activity to directly assess the dopaminergic component of the DA-ACh interactions. We hypothesized that schizophrenic patients would exhibit shorter REM latency, reflecting increased cholinergic activity. In addition, schizophrenic patients would exhibit a greater reduction in REM density to biperiden than normal controls, reflecting DA-ACh interactions. We also hypothesized that a significant inverse correlation would be demonstrated between the slope of REM density plotted against biperiden dose and plasma HVA level; that is, when the increased ACh activity in schizophrenic patients was blocked by biperiden, there would be a greater reduction in REM density because of the increased DA activity reflected by higher HVA levels.
METHODS
Subjects
Twenty patients with schizophrenia were included in the symptom study; 24 different schizophrenic patients and 20 normal controls were included in the sleep EEG study. All subjects were from 20 to 50 years of age, provided informed consent, were medication-free for at least 2 weeks, had no serious medical illnesses or major physiological disturbances, and did not abuse alcohol or other substances for at least the preceding 3 months. For participation in the sleep study, a primary sleep disorder was excluded by a sleep disorders questionnaire (Douglass et al. 1986 ) and a first-night full-montage recording. Patients were required to meet DSM-III-R (American Psychiatric Association 1987) and Research Diagnostic Criteria (RDC) for schizophrenia and criterion A of DSM-III-R (presence of characteristic psychotic symptoms). Patients were excluded if they met criteria for any other Axis 1 or Axis 2 disorder or if they had received any depot neuroleptics in the 6 months preceding the study. Normal controls were individuals who were classified as "never mentally ill" by RDC criteria, with no prior or current treatment by a mental health professional, and all had a normal physical examination and screening tests, including drug screen and electrocardiogram (ECG).
Diagnostic Evaluation Procedures
A diagnosis was established and inclusion/exclusion criteria were applied using unstructured clinical interviews conducted by a faculty psychiatrist and a structured psychiatric interview using the Schedule for Af-S194 R. Tandon et al. N EUROPSYCHOPHARMACOLOGY 1999 -VOL . 21 , NO . S6 fective Disorders and Schizophrenia (SADS) for patients and SADS-Lifetime Version (L) (Spitzer and Endicott 1979) for normal controls, administered by a research nurse. A psychiatric social worker conducted a comprehensive family interview that focused on the patient's course of illness and obtained information from family members about the patient's history and clinical features. All previous records of comprehensive clinical and laboratory assessments were reviewed to screen for physical disorders, including a detailed review of systems, physical and neurological examination, chest radiographs, laboratory assessments, urinalysis, urine toxicology screens, and ECGs. The final diagnostic categorization was made at a research team consensus conference.
Symptom Study: Effects of Biperiden on Positive and Negative Symptoms
In this study, we compared the effects of biperiden versus glycopyrrolate on positive and negative symptoms in 20 drug-free schizophrenic patients. Biperiden was administered orally at a dose of 4 mg twice daily and glycopyrrolate at a dose of 1 mg twice daily. After a 2-week drug-free period, patients participated in a 12-day trial. Following the initial clinical assessment on day 1, patients received no drug for 4 days. Starting on day 5 in the evening, following a second clinical assessment, subjects received one anticholinergic agent for 4 days (either biperiden or glycopyrrolate). Starting on day 9 in the evening, following a third clinical assessment, subjects were crossed over and received the other agent for 4 days until the morning of day 13, when they had their final clinical assessment. Patients who received biperiden from days 5 to 9 received glycopyrrolate from days 9 to 13; conversely, patients who received glycopyrrolate from days 5 to 9 received biperiden from days 9 to 13. The order of biperiden versus glycopyrrolate was randomized, with an equal number of patients (10 in each group) receiving biperiden or glycopyrrolate first. Patients were rated on the BPRS (Overall and Gorham 1962) on day 1 (drugfree baseline 1), day 5 (drug-free baseline 2), day 9 (either glycopyrrolate or biperiden), and day 13 (either glycopyrrolate or biperiden) by a rater who was blind to treatment. Positive and negative symptoms were assessed by the BPRS "THOT" and "ANER" clusters, respectively (Angrist et al. 1980; Tandon et al. 1990a; Guy 1976; Hedlund and Vieweg 1980) ; items assessing motor retardation, blunted affect, and emotional withdrawal (rated 1 for "not present" to 7 for "severe") were summed to form the BPRS negative symptom cluster, and the BPRS items assessing conceptual disorganization, suspiciousness, hallucinatory behavior, and unusual thought content were summed as the BPRS positive symptom cluster. The severity of positive and negative symptoms at the four time points were compared by the repeated measures analysis of variance (ANOVA).
Sleep EEG Study: Effects of Biperiden on Polysomnographic Measures in Schizophrenic Patients and Normal Controls
All sleep recordings were carried out after a drug-free period of at least 2 weeks. On the first night of study, a full montage polysomnogram was recorded on all subjects; on nights 2 and 3, only sleep staging was performed. On night 3, all subjects received either 6 or 10 mg of biperiden 30 minutes before bedtime. Sleep EEG was monitored in all subjects for three consecutive nights. Daytime naps were not permitted. Recordings were obtained from normal controls using outpatient recording rooms directly wired to the adjacent sleep laboratory control room. Schizophrenic inpatients were recorded from their own hospital beds, which were directly wired to the nearby sleep laboratory control room; this minimized the confounding effects associated with changing rooms and beds. All polygraph records were scored visually according to modified Rechtschaffen-Kales criteria (Rechtschaffen et al. 1968) by raters blind to diagnosis. Further details of the sleep methodology are available in a prior publication (Tandon et al. 1992b ). The sleep EEG variables included sleep continuity, sleep architecture, and REM sleep indices. Sleep continuity indices were time spent asleep (TSA) or net sleep time, and sleep latency (SL), the time from the beginning of the recording until the onset of any of Stages 2, 3, 4, or REM sleep lasting at least 10 minutes. Sleep architecture indices were percentages of net sleep time (TSA) spent in the stages of slow-wave sleep (SWS ϭ Stage 3 ϩ 4 sleep) and in REM sleep. REM sleep indices were REM sleep time (RT), REM activity (RA), which is an integrative measure of the frequency of rapid eye movements per minute of REM sleep, scored visually on an analog scale of 0 to 8, REM density (RA/RT), and corrected REM sleep latency (RLMA), defined as the time between sleep onset and the first REM period (of at least 3 minutes duration) minus intermittent wakefulness during that interval.
Blood samples for plasma HVA levels were obtained during the medication-free baseline period. Physical exercise, high-monoamine diets, alcohol, and caffeine were restricted for all subjects for at least 48 hours before the blood sampling. Blood samples were obtained between 9:00 and 10:00 AM . Plasma was separated by centrifugation and stored at Ϫ 80 Њ C until analysis by high-performance liquid chromatography (HPLC).
Sleep measures in the two groups were compared by the three-way ANOVA; dose (6 mg and 10 mg) and diagnosis (schizophrenia and control) were the grouping factors, and baseline and biperiden sleep measures were the repeated measure. Sleep data were appropriately transformed (square root/log) to normalize the data before statistical analysis. The association between change in REM density following biperiden per mg of biperiden and plasma HVA was assessed by Pearson's product-moment correlation analysis.
RESULTS
Symptom Study: Effects of Biperiden on Positive and Negative Symptoms
The sample of 20 patients consisted of 12 males and 8 females, with a mean age of 29 Ϯ 8 years, and a mean duration of illness of 7 Ϯ 5 years. All patients completed the study. The effects of biperiden and glycopyrrolate on global severity (18-item BPRS total score), positive symptoms, and negative symptoms are summarized in Table 1 . Global severity did not differ significantly across the four time points (two drug-free baselines, one glycopyrrolate, and one biperiden). Positive symptom scores following biperiden were significantly higher (F ϭ 6.3; p Ͻ .01), and negative symptom scores were significantly lower (F ϭ 4.7; p Ͻ .02) than corresponding measurements. Both biperiden and glycopyrrolate were well tolerated. Dryness of mouth and mild tachycardia were the only side effects; there was no difference in the frequency of these side effects during treatment with biperiden or glycopyrrolate.
Although there were no significant differences between mean positive and negative symptom scores at drug-free baseline and with glycopyrrolate, there was a trend toward a significant order effect, with mean glycopyrrolate positive symptom scores being lower than drug-free baseline scores in the group that received biperiden first ( n ϭ 10, p Ͻ .10). There was no such difference between positive symptom scores at drug-free baseline and with glycopyrrolate in the group that received glycopyrrolate first. This suggests that the observed decrease in positive symptoms at the glycopyrrolate phase in patients who received biperiden first may be attributable to a cholinergic rebound after withdrawal from biperiden.
Sleep EEG Study: Effects of Biperiden on REM Sleep Measures in Schizophrenic Patients and Normal Controls
Twenty-six normal controls and 26 drug-free schizophrenic patients constituted the initial study sample; 13 subjects in each group received 6 mg of biperiden on night 3, and the other 13 subjects in each group received 10 mg of biperiden on night 3. Six normal controls (three receiving 6 mg biperiden and three receiving 10 mg biperiden), and two schizophrenic patients (one each receiving 6 mg or 10 mg biperiden) had very disrupted sleep and no scorable REM sleep on the biperiden night; because REM sleep measures were the principal dependent variable, these subjects were not included in the final data analysis. Thus, the final study sample consisted of 24 schizophrenic patients and 20 normal controls. The 24 schizophrenic patients, including 15 males and 9 females, had a mean age of 28 Ϯ 8 years and a mean duration of illness of 7 Ϯ 6 years. The sample of 20 normal controls was comparable in age and gender distribution, with a mean age of 27 Ϯ 7 years and 13 males and 7 females. The first sleep night served as an adaptation procedure and to screen for a primary sleep disorder; data from nights 2 and 3 constituted the baseline and biperiden sleep measures, respectively.
At drug-free baseline, patients with schizophrenia demonstrated significantly disrupted sleep continuity (all measures) and shorter REM latency than normal controls (Table 2 and Figure 2 ). There was a significant disruption in sleep continuity measures in both groups following biperiden. Minutes of REM sleep, percentage of REM sleep, and REM activity decreased in both groups following biperiden in a dose-dependent manner. REM latency increased following biperiden in both groups in a dose-dependent manner. REM density did not differ between the schizophrenia and control groups at baseline; whereas, REM density decreased signifi- Table 1 . Positive and Negative Symptoms and Global Severity of Schizophrenia at Drug-Free Baseline, after Glycopyrrolate, and after Biperiden ( n ϭ 20) Positive symptoms (BPRS "THOT") 16.1 Ϯ 2.6 16.1 Ϯ 3.0 15.1 Ϯ 3.0 18.9 Ϯ 3.3 Ͻ .01 AD, BD, CD Negative symptoms (BPRS "ANER") 11.3 Ϯ 2.8 11.6 Ϯ 2.7 11.3 Ϯ 2.5 9.2 Ϯ 2.2 Ͻ .02 AD, BD, CD Global severity (BPRS TOTAL) 54.3 Ϯ 8.0 54.7 Ϯ 9.8 51.5 Ϯ 9.5 54.9 Ϯ 10.2 NS -BPRS ϭ Brief Psychiatric Rating Scale.
cantly following biperiden in both groups, and it declined to a significantly greater extent in the schizophrenia group (interaction between repeated measure and patient-control grouping) (see Figure 3 and Table 2 ). The mean Ϯ standard deviation plasma HVA level was 13.3 Ϯ 3.9 ng/ml. There was a significant inverse correlation between change in REM density per mg of biperiden and plasma HVA level in the schizophrenic patients (r ϭ Ϫ.64; p Ͻ .01) ( Figure 4) ; REM density per mg of biperiden decreased with increasing levels of plasma HVA.
DISCUSSION
In the first study, positive symptoms increased and negative symptoms decreased following biperiden, but not following glycopyrrolate. In addition, mean glycopyrrolate positive symptom scores were lower than drug-free baseline scores in the group that received biperiden first, suggesting that there may have been a rebound increase in cholinergic activity after withdrawal from biperiden. In the second study, REM latency was significantly shorter in the schizophrenic group than in the control group at baseline and increased in a dosedependent manner in both groups during treatment with biperiden. REM density did not differ between the two groups at baseline, and biperiden caused a dosedependent reduction in REM density in both groups, with a significantly greater rate of reduction in schizophrenic patients than in normal controls. The slope of change in REM density following biperiden was inversely correlated to plasma HVA level in schizophrenic patients. Several studies have demonstrated the utility of plasma HVA levels as a measure of DA activity in the study of schizophrenia (Pickar et al. 1990; Davila et al. 1988; Sumiyoshi et al. 1997) . Because REM density is determined by the balance of cholinergic and catecholaminergic (in this case, dopaminergic) activity, our results suggest that the greater reduction in REM density (a measure of DA-ACh interactions) in schizophrenic patients following cholinergic blockade may be related to increased DA activity. Moreover, the cholinergic system may influence positive and negative symptoms and polysomnographic abnormalities in schizophrenia, and thus, cholinergic mechanisms might be considerably more important in schizophrenic pathophysiology than previously recognized.
Cholinergic/Anticholinergic Modulation and Schizophrenic Symptoms
Anticholinergics are commonly used in the treatment of extrapyramidal side effects, which frequently accompany neuroleptic treatment in schizophrenia. The effects of anticholinergic drugs on schizophrenia symptoms in patients who are being treated with neuroleptics, however, have not been demonstrated consistently. Most studies showing no adverse effects of anticholinergics on positive symptoms (Rifkin et al. 1978; Manos et al. 1981) were conducted in the chronic neurolepticstabilized phase of the illness; whereas, investigations documenting adverse effects of anticholinergic drugs on positive symptoms (Singh et al. 1987; Haase 1965; Johnstone et al. 1988; Chouinard et al. 1987 ; and, the present study) were conducted in the acute phase of the illness. This observation suggests that anticholinergics may have adverse effects on positive symptoms only in the presence of increased DA activity. In stabilized patients, DA hyperactivity is presumably corrected, and anticholinergic agents may have no adverse effects on positive symptoms (Goff et al. 1994 ). Furthermore, because anticholinergic agents are only used in conjunction with neuroleptics in schizophrenia, their direct adverse effects on positive symptoms may be obscured by the direct beneficial effects of DA blockade resulting from concomitant neuroleptic treatment. This might explain why adverse effects of anticholinergics on positive symptoms are not readily apparent in the general clinical setting. In our present study, the effects of biperiden were evaluated in drug-free patients, thereby eliminating the "confounding" effect of neuroleptic medication. In contrast to the adverse effects of anticholinergic agents on positive symptoms, cholinomimetic agents have transient (somewhat inconsistent) beneficial effects on positive symptoms (Cohen et al. 1944; Collard et al. 1946; Pfeiffer and Jenney 1957) . In addition, cholinergic agents may potentiate the effects of neuroleptics in the nucleus accumbens (Vance and Blumberg 1983) . These findings are consistent with evidence of a reduction in the severity of positive symptoms that was associated with biperiden withdrawal (and inferred rebound increase in cholinergic activity) in one group of the first study reported here. Collectively, these data suggest that cholinergic augmentation can play an adjunctive role to neuroleptics in the pharmacological treatment of positive symptoms of schizophrenia. Preliminary data from a study on the augmentation of atypical antipsychotics with donepezil (a cholinesterase inhibitor) in treatment-refractory schizophrenic patients indicated beneficial effects in a proportion of patients (unpublished data). Augmentation with cholinesterase inhibitors, M 1 agonists, or partial agonists could prove to be an effective treatment for otherwise neuroleptic-refractory positive symptoms.
Clozapine is an atypical neuroleptic that is effective in treatment-refractory patients (Kane et al. 1988) , but its precise mechanism of action is not known. In view of clozapine's potent M 1 muscarinic cholinergic activity (Bolden et al. 1991) and its behavior as a partial agonist at the M 1 receptor in vivo (Ogren 1992; Rivest and Marsden 1991; Meltzer et al. 1994; Zorn et al. 1994; Olianas et al. 1997; Zeng et al. 1997) , the cholinergic activity of clozapine has been proposed as one mechanism to explain its superior efficacy in treatment-refractory schizophrenic patients (Tandon and Kane 1993; . There seems to be a role for muscarinic cholinergic augmentation in the treatment of positive and cognitive symptoms of schizophrenia. Trials to evaluate the efficacy and safety of these treatment strategies in schizophrenia are ongoing.
Polysomnographic Evidence for Increased Cholinergic Activity in Schizophrenia
Neurotransmitter influences on sleep parameters are complex and interactive; however, advances in understanding the neurobiological mechanisms regulating sleep may permit polysomnography to be used as a strategy to explore the pathophysiology of schizophrenia. Cholinergic mechanisms enhance REM, and increased cholinergic activity results in hyperarousal and impaired sleep continuity, shortened REM latency, and increased REM density (Sitaram and Gillin 1980; Sitaram et al. 1978) . In our study, schizophrenic patients exhibited shorter REM latency than normal controls, and both groups showed similar increases in REM latency following biperiden. These data are consistent with the hypothesis of increased cholinergic activity in schizophrenia and with the findings of the two other sleep EEG studies using cholinergic/anticholinergic challenge conducted in schizophrenic patients (Tandon et al. 1991b; Riemann et al. 1994) . In a study using a cholinergic challenge paradigm, Riemann and coworkers (Riemann et al. 1994 ) observed a greater reduction in REM latency and increased number of sleep-onset REM periods (SOREMs) following RS-86 (a relatively specific M 1 agonist) (Palacios et al. 1986 ) in schizophrenic patients than in normal controls. Both of these sets of findings are consistent with the hypothesis of increased cholinergic activity in schizophrenia. Baseline polysomnographic abnormalities in schizophrenia also indicate increased cholinergic activity in schizophrenia (Tandon et al. 1992b; Gillin et al. 1973 ).
While sleep findings at drug-free baseline and after cholinergic/anticholinergic modulation are consistent with a hypothesis of increased cholinergic activity in schizophrenia, they are not conclusive. Functional activity of the cholinergic systems involved in sleep regulation may or may not reflect activity of cholinergic systems implicated in schizophrenic pathophysiology. There is, however, an abundant neurobiological substrate for DA-ACh interactions in the brain areas commonly implicated in schizophrenia (Buchsbaum 1990 ). The hippocampus, nucleus accumbens, septal nuclei, other parts of the limbic system, the dorsolateral prefrontal cortex, and the basal ganglia are richly supplied by septohippocampal, cortical, and other cholinergic pathways (Mesulam et al. 1986 ). Although there are important DA-ACh interactions in these regions (Damsma et al. 1991; Guo et al. 1992; Moore et al. 1998; Parada et al. 1998 ), their precise nature is not completely understood.
The model of DA-ACh interactions in schizophrenia (Tandon and Greden 1989 ) is proposed as a heuristic formulation to understand the neuropharmacological basis of schizophrenic symptoms better, but is not intended as an exhaustive explanation of schizophrenia. Other neurotransmitters are clearly involved, and mechanisms are obviously intertwined. The cholinergic system has been relatively neglected in current theoretical formulations of schizophrenia, despite the fairly large body of data implicating this system in schizophrenic pathophysiology and the fact that anticholinergic agents and neuroleptics with significant anticholinergic activity are routinely employed in the treatment of patients with schizophrenia. This series of studies further implicates the cholinergic system in schizophrenic pathophysiology and sets the stage for further investigations to elucidate the role of cholinergic mechanisms in schizophrenia. 
